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A B S T R A C T
Obstructive sleep apnea (OSA) is characterized by episodes of pharyngeal collapse during sleep. Craniofacial
alterations such as retrognathia are often found in OSA patients. Maxillomandibular advancement (MMA)
surgeries increase the pharyngeal space and are a treatment option for OSA. The aim of this study was to present
a successful case of MMA surgery in the treatment of OSA. A patient with moderate OSA (apnea-hypopnea index
(AHI)=25.2) and mandibular retrognathism and Maxillomandibular asymmetry underwent MMA surgery. The
apnea-hypopnea index (AHI) were considerably improved after six months (IAH =6.7) and one year of
treatment (IAH=0.2).
1. Introduction
Obstructive sleep apnea syndrome (OSAS) is characterized by
obstructive events of the upper airway (UAW) during sleep, which
can be associated with clinical signs and symptoms such as snoring,
excessive daytime sleepiness, impaired memory, and fatigue [1].
Although CPAP is the ﬁrst choice for treatment of OSAS in adults,
17–54% of patients do not take this therapy for long periods [2].
Because of low compliance of CPAP, other forms of treatment, such as
maxillomandibular advancement (MMA) surgery, were suggested as an
alternative for CPAP and tracheostomy in the treatment of OSAS [2,3].
It is an alternative to severe OSA treatment in patients with max-
illomandibular abnormalities, and patients with mild and moderate
OSAS there are other treatment alternatives.
A meta-analysis of 22 studies (627 subjects with OSA) determined
that MMA is highly eﬀective with a mean decrease in AHI from 64/h to
11/h (P < 0.001) with pooled surgical success and cure (AHI < 5/h)
rates of 86% and 43%, respectively [18].
OSAS patients have diminished UAW dimensions associated with
maxillomandibular abnormalities[4]. Imaging tests such as cone beam
computed tomography (CBCT) have shown that the UAW is signiﬁ-
cantly smaller in patients with OSAS [5]. For the other hand, MMA
surgery increased the anteroposterior and lateral dimensions of the
upper airway from the level of the hard palate to the hyoid bone [6].
When MMA and chin advancement are combined into a single surgical
procedure, forward displacement of the soft palate, base of the tongue,
hyoid bone, and anterior wall of the pharynx occurs, increasing the
volume of the nasopharynx (NP), oropharynx (OP) and hypopharynx
(HP) [7].
The purpose of this case report is to present the changes in the AHI
and the volumetric changes in the UAW in a patient with severe OSAS
treated with MMA surgery and advancement genioplasty.
2. Case report
Patient ERM (29 years old, Caucasian, with a body mass index
(BMI) of 24.93 kg/m2) consulted the otorhinolaryngology service for
treatment of sleep disturbances. His main complaints were snoring
(visual analog scale of 10 cm =8 - held by his wife), breathing pauses
during the night observed by his partner, excessive daytime sleepiness
(Epworth score =12), and fatigue.
A complete polysomnographic evaluation was recommended, ac-
cording to the American Academy of sleep Medicine (AASM) (2007)
guidelines and considering the recommended rule for hypopnea. The
patient showed an apnea-hypopnea index (AHI) of 30.8. The patient
was referred for treatment with CPAP but was intolerant to its use after
a few months.
MMA surgery and advancement genioplasty were indicated due to a
mandibular anteroposterior deﬁciency and maxilomandibular asym-
metry (Fig. 1). On clinical examination, the patient showed Angle Class
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MARK
II malocclusion, transverse maxillary atresia, a bilateral crossbite, and
a modiﬁed Mallampati classiﬁcation of 4 (Fig. 2).
The patient was then referred for preoperative orthodontic treat-
ment. The Epworth Sleepiness Scale (ESS), an overnight polysomno-
graphic evaluation, and CBCT were performed before treatment, after
orthodontic treatment, and one year after MMA surgery. A polysomno-
graphic evaluation and the ESS were also administered six months
after the surgery. The patient signed an informed consent form for the
proposed treatment, and the guidelines of the Declaration of Helsinki
were followed.
A complete polysomnographic evaluation was performed using a
digital system (EMBLA® S7000, Embla Systems, Inc., Broomﬁeld, CO,
USA) according to the manual of the American Academy of Sleep
Medicine (2007) [8]. The hypopnea stage was deﬁned according to the
recommended rule (AASM, 2007) [8].
CBCT was performed at a specialized radiological center using i-
CAT® imaging equipment (Imaging Sciences International, Hatﬁeld,
PA, USA). All images were calibrated using the following parameters:
36.90 mA, 120 kVp, an exposure time of 40 s, an extended height ﬁeld
of view (FOV), a voxel resolution (volume element) of 0.3 mm, a
resolution of 1024×1024 pixels, and 12 bits per pixel. During image
acquisition, the individual remained in a seated positioned with the
Frankfurt plane parallel to the ground and the midsagittal plane
perpendicular to the ground, with his lips at rest. The image acquisition
extended from 2 cm above the glabella to the lower region of the head
(chin and neck), including the inferior border of the fourth cervical
vertebra (C4). Axial sections (0.3 mm thick) were obtained and
exported in the Digital Imaging and Communication in Medicine
(DICOM) format. The Dolphin Imaging® 3-D software, version 11.5
(Dolphin Imaging & Solutions, Chatsworth, CA, USA), was used to
process and manipulate the volumetric data (DICOM ﬁles) of the NP,
OP, and HP to assess the total volume (TV) selected from these pre-
deﬁned structures and the position and changes of the most constricted
airspace segment (smallest area - SA). A postoperative CBCT evalua-
tion was performed 12 months after the MMA surgery, while poly-
somnographic evaluations were performed at six and 12 months after
the MMA surgery. The points and lines used to deﬁne the region
evaluated are described in Fig. 3.
• Upper limit of the OP: a line parallel to the Frankfurt plane passing
through the Basion (Ba), which is termed Horizontal 1 (H1);
• Lower limit of the OP: a line parallel to the Frankfurt plane passing
through the most anterior-inferior border of the third cervi-
cal vertebra (C3), which is termed Horizontal 2 (H2);
The linear measurements were also evaluated in two dimensions,
both in the sagittal plane (anteroposterior measurement) and in the
coronal plane (lateral measurement). For this purpose, the following
points and lines were used according to [7] (Fig. 4A, B):
• PP line: continuation of the palatal plane
• SASP line: smallest area of the soft palate
• SRLA line: smallest retrolingual area
• C3 line: a line passing through the inferior border of the C3
3. Results
The duration of the preoperative orthodontic treatment was 18
months and the patient was treated with CPAP during this period.
Fig. 5 shows the facial condition after orthodontic treatment and before
MMA surgery. After the completion of orthodontic treatment, the
patient exhibited the following characteristics: BMI=24.4 kg/m2,
AHI=25.2/h, ESS=11, TV=15967.6 mm³, and SA=101.7 mm2 (Tables
1,2, Fig. 6).
In the MMA surgery and advancement genioplasty, the following
bone movements were performed: maxillary anterior repositioning of
Fig. 1. Facial features pre-treatment.
Fig. 2. Intraoral features pre-treatment.
Fig. 3. Demarcation of the regions on a CBCT image.
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7.0 mm, maxillary superior repositioning of 3.0 mm, mandibular
advancement with counterclockwise rotation of 6.0 mm, and anteroin-
ferior chin repositioning of 3.0 mm, in addition to a turbinectomy and
septoplasty.
Bilateral sagittal split osteotomy of the mandible (BSSO) It was held
and there was neuropraxia the inferior alveolar nerve with lip-mental
Fig. 4. (A) Two-dimensional demarcation of the regions in on a CBCT image: sagittal
plane. (B) Two-dimensional demarcation of the regions on a CBCT.
Fig. 5. Facial features after orthodontic treatment.
Table 1









BMI 24.9 24.4 24.1 25.2
Polysomnography
TST 309.5 412.5 367 308.0
% SE 77.1 90.9 93.6 71.0
% N1 4.8 15.2 3.1 9.3
% N2 73.5 37.8 51.4 61.9
% N3 11.6 18.4 27.7 7.1
% REM 10.1 28.6 17.8 21.8
AI 15.5 24.2 22 16.2
AHI 30.8 25.2 6.7 0.2
Baseline
saturation
96.3 95.8 95.6 94.2
Mean saturation 95.5 95.1 94.9 93.7
Minimum
saturation
90.0 86.0 89 88
TST – Total sleep time, SE – Sleep efficiency, REM – Rapid eye movement, AI – Arousal
index, AHI – Apnea-hypopnea index.
Table 2
Tomographic variables.
Variables Baseline Post-Orthodontics 12 months
post-surgery
Total volume (mm3) 19741.9 15967.6 24075.2
Smallest area (mm2) 169.9 101.7 266.3
PP Sagittal (mm) 22.4 20.3 24.6
SASP Sagittal (mm) 5.4 3.6 8.8
SRLA Sagittal (mm) 9.3 5.7 11.5
C3 Sagittal (mm) 16.9 12.5 15.9
PP Coronal (mm) 41.9 21.4 30
SASP Coronal (mm) 23.7 24.2 28.7
SRLA Coronal (mm) 26.2 10 28.7
C3 Coronal (mm) 35.5 24.6 34.4
PP line: continuation of the palatal plane, SASP line: smallest area of the soft palate,
SRLA line: smallest retrolingual area, C3 line: line passing through the inferior border of
the C3.
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paresthesia around 6 months, returning after this period.
Six months after the surgery, the patient exhibited the following
characteristics: BMI=24.0 kg/m2, AHI=6.7/h, and ESS=5 (Table 1).
Twelve months after the MMA surgery, the patient exhibited the
following characteristics: BMI=25.2 kg/m2, AHI=0.2/h, ESS=4,
TV=24075.2 mm³, and SA=266.3 mm2 (Tables 1,2, Fig. 6). Fig. 7
shows the facial aspect of the patient one year after the surgery, and
Fig. 8 shows the volume and area on the CBCT image one year after
surgery. Visual analog scale of 10 cm=1 – held by his wife.
When the preoperative tomographic images and the images
obtained 12 months post-surgery were compared, a 56% increase in
the TV (15967.6 mm³ to 24075.2 mm³) and a 162% increase in the SA
(101.7 mm2 to 266.3 mm2), which is now located in the HP rather than
in the OP (preoperative CBCT), were observed (Table 2).
When the baseline tomographic images and the 12-month post-
operative images were compared, a TV increase of 21.95% in relation to
the baseline CBCT image (19741.9 mm³ to 24075.2 mm³) and an SA
increase of 56.75% (169.9 mm2 - OP to 266.3 mm2 - HP) were
observed (Table 2). The linear measurements are shown in Table 3.
4. Discussion
CPAP therapy has been considered the gold standard for treatment
of OSAS in adults. However, despite the success potential of CPAP,
non-adherence by patients remains a major problem [9]. Some
publications have been critical regarding surgeries and their results
[10]. Elshaug et al. (2007) [10] proposed that for surgical treatments
with success rates based on the AHI, the results should be between 5
and 10.
The currently accepted surgical success criteria of a 50% reduction
of the respiratory disturbance index (RDI) and less than 20 events per
hour follows the same logic used in the criteria established for the use
of CPAP [11]. Vicini et al. (2010) reported a signiﬁcant reduction (p <
0.0001) in the AHI, from 49.33 ± 16.85 to 4.44 ± 5.76, after MMA
surgery (n=61) [12].
Young patient, skinny, AHI not as high, not too low minimal
oxyhemoglobin saturation and signiﬁcant craniofacial anomaly, has
been reported in the literature as predictors of success for the AMM
surgery [18]. The patient reported here underwent MMA surgery was
29 years old with a body mass index (BMI) of 24.93 kg/m2, AHI of
25.2/h and was carrying bi-retrusion maxilomandibular. These char-
acteristics presented by the patient in question were in accordance with
predictors of success/cure with literature.
MMA surgeries have been extensively studied and accepted as a
successful therapy for the treatment of patients with OSAS [13], and
bone repositioning has been found to be stable over the long term [14].
According to Riley et al. (2000), maxillomandibular bone advance-
ments of approximately 10 mm increase the size of the OP both in the
anteroposterior and laterolateral directions [15]. Moreover, Holty and
Guilleminault (2010) showed that maxillary advancement of approxi-
mately 8.4 mm ( ± 2.8 mm) led to a success rate of less than 80%, while
maxillary advancement of approximately 9.9 mm ( ± 1.3 mm) in-
creased the success rate to more than 80% [16].
In this case report, although the planned and obtained maxillo-
mandibular advancement was 7.0 mm, in addition to the chin advance-
ment of 3.0 mm (these movements were limited by the patient's facial
aesthetics), the results after 12 months showed an increase in the
dimensions of the OP both in the laterolateral and anteroposterior
directions. The TV of the airway and the SA were increased and
remained stable for a period of one year. Postoperative CBCT images
showed that the volume of the section of the pharynx evaluated
increased by approximately 56%, which is directly related to the
maxillomandibular advancement of 7.0 mm.
Raﬀaini and Pisani (2013) [17] obtained a mean increase of 56% in
the TV of the analyzed segment and a 112% increase in the SA in
patients undergoing MMA with mean mandibular advancement of
Fig. 6. Post-orthodontic treatment (pre-surgery) tomography.
Fig. 7. Facial features after surgery.
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10 mm. Our study also observed a TV increase of 56%, and the SA was
increased by 162%. Both studies considered the same segment
extending from the palatal plane to the inferior border of the C3.
It should be noted that the size and shape of the airway are
extremely variable, depending on the position of the head and the
breathing phase (expiration or inspiration) [18], and there are no
standards to which the present airway volume result can be compared.
However, a comparison of the pre and postoperative volumes demon-
strates the changes after the MMA and chin advancement surgery.
Another interesting ﬁnding is that the linear measurements in the
sagittal plane (PP, SASP, and SRLA) and in the coronal plane (SASP
and SRLA) of the airway increased when the baseline and preoperative
measurements were compared with the postoperative measurements.
It is also worth noting that all linear and volumetric measurements
decreased between the baseline and preoperative/post-orthodontic
treatment CBCT examinations, except for the SASP in the coronal
plane. These diﬀerences occur because the placement of the teeth in the
correct position by the orthodontic treatment, i.e., eliminating dental
compensation (inclinations that the teeth seek in an attempt to mask
the skeletal deformity), results in a reduction of the intraoral space, and
thus a posterior repositioning of the tongue occurs, which further
decreases the oropharyngeal airspace. This dental inclination correc-
tion treatment before surgery allows greater bone advancement during
the surgery, which alters the facial aesthetics of these patients. If
orthodontic treatments were not performed, the teeth would have
inclinations that would push the lips forward, which would limit bone
advancement because the patients could have biprotrusion, which
would change the facial appearance.
Another interesting point is that the airway patency is not preserved
when the lateral pharyngeal dimensions are decreased [19]. In this case
Fig. 8. (A) Post-surgery tomography. (B) Pre- and post-surgery image overlay.
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report, an increase in the laterolateral pharyngeal dimensions was
produced. When referring to the success rate of a surgical intervention,
the follow-up time should be considered. Several studies have only
considered short long-term follow-up times (three to six months)
[20,21]. In contrast, Li et al. (2000) demonstrated that MMA is stable
after 50.7 ± 31.9 months regardless of whether it is performed alone or
with other surgeries [22]. In the present report, a 12-month follow-up
is presented, and stability of the polysomnographic and dimensional
parameters of the airway was maintained over this period.
The patient in the present report had severe OSAS and was treated
with MMA and chin advancement surgery. Although the bone move-
ments did not obtain the maxillomandibular advancement values
described in the literature for the successful treatment of OSAS, we
observed a signiﬁcant increase in the airway volume, in the segment
that was studied, the SA, and in the anteroposterior and lateral linear
measurements. This procedure provided an eﬀective treatment for
severe OSAS with a decrease in the AHI from 30.8 to 0.2 and a
consequent reduction in daytime sleepiness.
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Variables Baseline Post-Orthodontics 12 months
post-surgery
PP Sagittal (mm) 22.4 20.3 24.6
SASP Sagittal (mm) 5.4 3.6 8.8
SRLA Sagittal (mm) 9.3 5.7 11.5
C3 Sagittal (mm) 16.9 12.5 15.9
PP Coronal (mm) 41.9 21.4 30
SASP Coronal (mm) 23.7 24.2 28.7
SRLA Coronal (mm) 26.2 10 28.7
C3 Coronal (mm) 35.5 24.6 34.4
PP line: continuation of the palatal plane, SASP line: smallest area of the soft palate,
SRLA line: smallest retrolingual area, C3 line: line passing through the inferior border of
the C3.
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